In heavy-ion collisions, kaons can be produced from baryon-baryon, meson-baryon, and mesonmeson interactions. Simple meson-exchange models are introduced to study kaon production from these processes in the free space. These models are then extended to determine kaon production in hot, dense nuclear matter by taking into account the decreasing hadron masses as a result of the restoration of chiral symmetry and the condensation of kaons. We find that the cross sections for kaon production from all three processes are enhanced. In particular, the effect of decreasing hadron masses on kaon production from the meson-meson annihilation is most significant. In the hydrochemical model for heavy-ion collisions, we demonstrate that the observed enhancement of kaon yield in high-energy heavy-ion collisions can be explained if the medium effect is included.
It has been found that the nucleon-nucleon cross section increases substantially with the density. Also, works have been carried out in studying dilepton production from pion-pion annihilation in heavy-ion collisions to see how the medium-modified pions affect its production rate.
Because of the conservation of strangeness, kaons will not be absorbed by the nuclear matter after creation and therefore carry information on their production mechanism. At the Bevalac energies, kaon production is mainly through the process BB -+BYK, where B, Y, and K stand for baryons, hyperons, and kaons, respectively. ' '" The process n. B~YK from the interaction of secondary pions with baryons gives only about 25% of the total contribution while the process mm~KK from pion-pion annihilation is negligible. ' ' Kaon production from nuclear reactions has also been studied at the AGS energies. ' '
The measured E+/sr+ ratio is about 4% from the p+ Be interaction and is similar to that from the proton-proton interaction at the same energy. This is consistent with the assumption that the dominant process is BB~BYK
In the p-Au interaction, this ratio is increased to about 10% and the peak of the kaon rapidity distribution is also shifted from the nucleon-nucleon center-of-mass rapidity towards that of the target. This implies that the contribution from the secondary process m. B~YK becomes important. For heavy-ion collisions such as Si+Au, this ratio increases to about 20% and strongly suggests the need for the contribution from mm -+KK. On the other hand, the K /m ratio remains about 4% for both proton and nucleus induced reactions.
The enhanced kaon production can, of course, be explained if one assumes that a quark-gluon plasma is formed in the initial stage of the collision. ' ' From the analysis of the rapidity and transverse energy distributions of measured particles, the extracted energy density seems to be lower than that expected for the formation of the quark-gluon plasma. ' ' In the hadronic scenario, both thermal and transport models have been used to study kaon production in highenergy heavy-ion collisions. Using the hydrochemical model, it has been shown that, for reasonable initial density and temperature, the E+/rr+ ratio is only about 10% if a cross section of about 3 mb is taken for the process mm~KK. ' Fig. 1(c) formed from pion-pion annihilation and then decays into the kaon-antikaon pair as this cross section is not important after averaging over the pion isospin. Also, its contribution becomes negligible with increasing energy because of the narrow width (33 MeV) of f0. In Fig. 7 , the dotted, short-dashed, and long-dashed curves correspond, respectively, to mm~KK, mp~KK *, and pp -+KK. Although the cross section for pp~KK has a singularity at the threshold as shown in Fig. 2(a When the hadron masses are close to their bare masses as shown in Fig. 11 , the flow velocity starts to increase again due to the conversion of the thermal energy to the flow energy.
The time when a particle freezes out from the fireball depends on its transport mean free path and is thus different for differnt kinds of particles. In the present study, we assume for simplicity that all particles freeze out at the same time when the fireball density is about 3 the normal nuclear matter density. This occurs at about 10 fm/c after the expansion when the temperature is about 125 MeV and the collective flow velocity is about 0.5c. These values are very similar to those of Lee et 
VI. NECESSARY IMPROVEMENTS
Although the preceding development brings out our main point that decreased meson masses, especially decreased kaon masses, facilitate kaon production at high densities, our development is not thermodynamically consistent because we have simply changed the masses in the noninteracting particle model without introducing corrections to the energy and pressure of the system from the particle interactions.
In the case of the nucleons, these effects can be included, as in the Walecka model, using the relativistic Vlasov-Uehling-Uhlenbeck formalism. The nucleon effective mass is then connected to the scalar field while its energy is shifted by the vector field. Although there is considerable cancellation between effects from scalar and vector fields, at high densities some of the energy is in these fields so that the initial temperature of the system is lower than that of the free-particle system. But the pressure of the interacting system is also lower compared to the free-particle pressure, leading to a slower initial expansion of the system. Although the kaon yield is reduced by lower temperatures, it is increased by the slower expansion. We therefore expect to see an enhanced kaon production in more realistic studies as well. 
